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(57) ABSTRACT

In an active-matrix substrate (100) according to the present
invention, a semiconductor layer (110) has a first gettering
region (112) adjacent to the source region (132) of a first
thin-film transistor (130), a second gettering region (114)

adjacent to the drain region (146) of a second thin-film tran-
sistor (140), and a third gettering region (116) adjacent to any
ol the source and drain regions located between the respective
channel regions (134 and 144) of the first and second thin-film
transistors (130 and 140) among the source and drain regions

of the thin-film transistors included in the thin-film transistor
clement (120).

7 Claims, 6 Drawing Sheets
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ACTIVE MATRIX SUBSTRATE

This application 1s the U.S. national phase of International
Application No. PCT/IP2008/053690, filed 29 Feb. 2008,
which designated the U.S. and claims priority to Japanese
Patent Application No. 2007-069141, filed 16 Mar. 2007, the

entire contents of each of which are hereby incorporated by
reference.

TECHNICAL FIELD

The present mnvention relates to an active-matrix substrate
for use 1n a liquid crystal display device and other devices.

BACKGROUND ART

Recently, techniques for forming a semiconductor layer
with a crystal structure (which will be referred to herein as a
“crystalline semiconductor layer”) by crystallizing an amor-
phous semiconductor layer that has been deposited on an
insulating substrate such as a glass substrate have been
researched extensively. Examples of such crystalline semi-
conductor layers include polycrystalline semiconductor lay-
ers and microcrystalline semiconductor layers. A thin-film
transistor (TFT) that has been fabricated with a crystalline
semiconductor layer has far higher carrier mobility than a
TFT that has been fabricated with an amorphous semicon-
ductor layer. For that reason, pixel TF'Ts for the display area
on an active-matrix substrate with a built-in driver, which can
be used effectively in a display device (such as a liquid crystal
display device), and driver TFTs for the peripheral area
thereol are fabricated using a crystalline semiconductor layer.

As a technique for crystallizing an amorphous semicon-
ductor layer, a continuous grain silicon (CGS) process, 1n
which the amorphous semiconductor layer 1s heated with a
catalyst element (such as nickel) added thereto, 1s known.
According to such a technique, a crystalline semiconductor
layer of good quality with aligned crystallographic plane
orientations can be obtained in a short time and at a low
temperature. However, 1n a situation where a crystalline semi-
conductor layer has been formed by the CGS process, 11 the
catalyst element remains 1n the channel region, then the OFF -
state current of TF'Ts might increase suddenly. To suppress
such a sudden increase 1n OFF-state current, a countermea-
sure for providing a gettering region to remove the catalyst
clement by a gettering process 1s known (see Patent Docu-
ment No. 1, for example). In the semiconductor device dis-
closed in Patent Document No. 1, a gettering region, to which
a Group V element such as phosphorus has been introduced,
1s arranged around source/drain regions with contact por-
tions. And a catalyst element remaining in the channel region
of a crystalline semiconductor layer 1s removed under heat by
the gettering process, thereby suppressing a sudden increase
in the OFF-state current of a TF'T.

Patent Document No. 1: Japanese Patent Application Laid-
Open Publication No. 2006-128469

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

However, even 1n a situation where the gettering regions
are arranged as 1n the semiconductor device disclosed 1n
Patent Document No. 1, 1f the catalyst element has not been
removed suificiently from the channel region by the gettering,
process, then the OFF-state current of TFTs could still
increase suddenly.
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Also, while TFTs having a gate-drain overlapped lightly
doped drain (GOLDD) structure with good long-term reli-

ability are used effectively as driver TFT's for an active-matrix
substrate, TFT's having a lightly doped drain (LDD) structure
that can reduce OFF-state current and can stabilize the break-
down voltage are used eflectively as pixel TFTs. In a TFT
with the LDD structure, a lightly doped region 1s arranged in
its semiconductor layer so as not to overlap with the gate
clectrode. That 1s why the distance between a region of the
semiconductor layer that overlaps with the gate electrode
(1.e., channel region) and the gettering region 1s longer 1n a
pixel TFT 1n the display area than in a driver TFT 1n the
peripheral area. As aresult, the gettering process oiten cannot
get done completely 1n the pixel TFT. If the OFF-state current
increased suddenly 1n a pixel TFT, then a point defect would
be produced 1n the display device. For example, 11 the display
device 1s anormally black mode liquid crystal display device,
a point that 1s slightly darker than surrounding pixels 1s pro-
duced when a half scale tone 1s displayed (i.e., when a poten-
tial diflerence 1s recognizable most easily). On the other hand,
il the display device 1s a normally white mode liquid crystal
display device, a point that 1s slightly brighter than the sur-
rounding pixels 1s produced.

It 1s therefore an object of the present invention to provide
an active-matrix substrate including a TF'T, 1n which a sudden
increase 1n the OFF-state current 1s reduced.

Means for Solving the Problems

An active-matrix substrate according to the present mnven-
tion includes: a semiconductor layer; a thin-film transistor
clement including first and second thin-film transistors, each
of which has a source region, a channel region and a drain
region that are included 1n the semiconductor layer; a gate bus
line; a source bus line; and a pixel electrode. The first and
second thin-film transistors are arranged 1n series with each
other. The first thin-film transistor 1s located at one end, while
the second thin-film transistor 1s located at the other end. The
source region of the first thin-film transistor includes a source
contact portion. The drain region of the second thin-film
transistor includes a drain contact portion. The semiconduc-
tor layer has a first gettering region adjacent to the source
region of the first thin-film transistor, a second gettering
region adjacent to the drain region of the second thin-film
transistor, and a third gettering region adjacent to any of the
source and drain regions located between the respective chan-
nel regions of the first and second thin-film transistors among
the source and drain regions of the thin-film transistors
included 1n the thin-film transistor element.

In one preferred embodiment, at least a portion of the
semiconductor layer overlaps with the source bus line.

In one preferred embodiment, at least a part of the third
gettering region overlaps with the source bus line.

In one preferred embodiment, the semiconductor layer has
a first end portion, a second end portion and an intermediate
portion between the first and second end portions, and a part
ol the source region of the first thin-film transistor and the first
gettering region are located 1n the first end portion.

In one preferred embodiment, a part of the drain region of
the second thin-film transistor 1s located in the second end
portion. A part of the source region and the entire channel and
drain regions of the first thin-film transistor and a part of the
drain region and the entire channel and source regions of the
second thin-film transistor are located in the intermediate
portion. The second gettering region 1s located 1n the second
end portion and the third gettering region 1s located in the
intermediate portion.




US 8,212,251 B2

3

In one preferred embodiment, a part of the drain region of
the second thin-film transistor i1s located 1n the second end
portion. A part of the source region and the entire channel and
drain regions of the first thin-film transistor and a part of the
drain region and the entire channel and source regions of the
second thin-film transistor are located i1n the intermediate
portion. And the second and third gettering regions are both
located 1n the intermediate portion.

In one preferred embodiment, the intermediate portion has:
a first linear portion running 1n a first direction; a second
linear portion running 1n a second direction that 1s different
from the first direction; and a connecting portion that con-
nects the first and second linear portions together. The third
gettering region 1s adjacent to the connecting portion.

Eftects of the Invention

The present invention provides an active-matrix substrate
including a TF'T, in which a sudden increase 1n the OFF -state
current 1s reduced.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically illustrates an active-matrix substrate
as a first specific preferred embodiment of the present mven-
tion, wherein FIG. 1(a) 1s a schematic plan view and FI1G. 1(b6)
1s a schematic cross-sectional view as viewed on the plane
A-A' shown i FIG. 1(a).

FIG. 2 1s a schematic plan view illustrating an active-
matrix substrate as a comparative example.

FIGS. 3(a) through 3(%) are schematic views 1llustrating,
respective manulfacturing process steps to make an active-
matrix substrate according to the first preferred embodiment.

FIG. 4 1s a schematic plan view illustrating an active-
matrix substrate as a second specific preferred embodiment of
the present invention.

FIG. 5 1s a schematic plan view illustrating an active-
matrix substrate as a third specific preferred embodiment of
the present invention.

FIG. 6 1s a schematic plan view illustrating an active-
matrix substrate as a fourth specific preferred embodiment of
the present invention.

DESCRIPTION OF REFERENCE NUMERALS

100 active-matrix substrate
110 semiconductor layer
112, 114, 115, 116, 118 gettering region
120 TFT element

130, 140, 150 TFT

132, 142, 152 source region
132¢ source contact portion
134, 144, 154 channel region
136, 146, 156 drain region
146¢ drain contact portion
160 gate bus line

162, 164, 166 gate electrode
170 source bus line

172 source electrode

180 pixel electrode
182 drain electrode

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Hereinafter, preferred embodiments of an active-matrix
substrate according to the present invention will be described
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with reference to the accompanying drawings. It should be
noted, however, that the present invention 1s 1n no way limited
to the specific preferred embodiments to be described below.
(Embodiment 1)

A Tfirst specific preferred embodiment of an active-matrix
substrate according to the present invention will be described
now. FIG. 1 schematically illustrates an active-matrix sub-
strate 100 as a first specific preferred embodiment of the
present invention, wherein FIG. 1(a) 1s a schematic plan view
of the active-matrix substrate 100, and FIG. 1(5) 15 a sche-

matic cross-sectional view as viewed on the plane A-A' shown
in FIG. 1(a).

As shown 1in FIG. 1, the active-matrix substrate 100 ot this
preferred embodiment includes a semiconductor layer 110, a
thin-film transistor element 120 (which will be referred to
herein as “TFT element™) including first, second and third
thin-film transistors 130, 140 and 150, a gate bus line 160, a
source bus line 170 and a pixel electrode 180. These three
thin-film transistors 130, 140 and 150 of the TFT element 120
are arranged 1n series with each other. And the TFT 130 1s
arranged at one end, while the TEFT 140 1s arranged at the
other end. Thus, the TFTs 130, 150 and 140 are arranged 1n
this order from the source contact portion 132¢ toward the
drain contact portion 146¢. As anumber of TFT's are arranged
in series with each other 1in this manner, the OFF-state current
of the TF'T element 120 can be minimized.

The source, channel and drain regions 132, 134 and 136 of
the first thin-film transistor 130, the source, channel and drain
regions 142, 144 and 146 of the second thin-film transistor
140, and the source, channel and drain region 152, 154 and
156 of the third thin-film transistor 150 are included in the
semiconductor layer 110. The source region 132 of the TFT
130 includes a source contact portion 132¢ 1n contact with a
source electrode 172 that 1s electrically connected to the
source bus line 170. Meanwhile, the drain region 146 of the
TFT 140 includes a drain contact portion 146c¢ in contact with
a drain electrode 182 that1s electrically connected to the pixel
clectrode 180. Also, the drain region 136 of the TF'T 130 and
the source region 152 of the TFT 150 are continuous with
cach other. And the drain region 156 of the TF'T 150 and the

source region 142 of the TFT 140 are also continuous with
cach other.

The semiconductor layer 110 has been made by a CGS
process using nickel as a catalyst element. Also, the semicon-
ductor layer 110 has first and second gettering regions 112
and 114 for removing the catalyst element by gettering.
Although the source and drain regions of a TF'T could some-
times perform gettering for removing a catalyst element, the
“gettering regions’ of this preferred embodiment have a get-
tering element at a higher concentration than the source and
drain regions. The gettering region 112 1s adjacent to the
source region 132 of the TFT 130, while the gettering region
114 1s adjacent to the drain region 146 of the TF'T 140.

In the active-matrix substrate 100 of this preferred embodi-
ment, the semiconductor layer 110 further has third and
fourth gettering regions 116 and 118 that are arranged
between the respective channel regions 134 and 144 of the
TFTs 130 and 140. The gettering region 116 1s adjacent to
either the drainregion 136 of the TE'T 130 or the source region
152 of the TFT 150. And the gettering region 118 1s adjacent
to either the drain region 156 of the TFT 150 or the source
region 142 of the TFT 140.

The semiconductor layer 110 has three portions, namely, a
first end portion 110aq, a second end portion 1105 and an
intermediate portion 110¢ between the first and second end
portions 110aq and 1105. In the first end portion 110q, located
are a part of the source region 132, including the source
contact portion 132¢, and the first gettering region 112. On the

other hand, in the second end portion 1105, located are a part
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of the drain region 146, including the drain contact portion
146c¢, and the second gettering region 114. And 1n the inter-
mediate portion 110c¢, located are a part of the source region
132 and the entire channel and drain regions 134 and 136 of
the TEFT 130, a part of the drain region 146 and the entire
channel and source regions 144 and 142 of the TFT 140, the

source, channel and drain regions 152, 154 and 156 of the
TFT 150, and the third and fourth gettering regions 116 an
118. Thus, 1n the active-matrix substrate 100 of this preferred
embodiment, not only the first and second gettering regions
112 and 114 are arranged in the end portions 110a and 1105
of the semiconductor layer 110 but also the third and fourth
gettering regions 116 and 118 are arranged 1n the intermediate
portion 110c¢ of the semiconductor layer 110 as well.

The distance between the channel region 134 of the TFT
130 and the first gettering region 112 may be 7 to 10 um, while
the distance between the channel region 134 of the TF'T 130
and the third gettering region 116 may be 3.5 to 6.5 um, for
example. Also, the distance between the channel region 144
of the TF'T 140 and the second gettering region 114 may be 7
to 10 um, while the distance between the channel region 144
of the TFT 140 and the fourth gettering region 118 may be 5
to 7 um, for example. Thus, the third and fourth gettering
regions 116 and 118 are arranged closer to the channel
regions 134 and 144, respectively, than the first and second
gettering regions 112 and 114 are. Furthermore, the distance
between the channel region 154 of the TFT 150 and the third
gettering region 116 may be 5.5 to 6.5 um, while the distance

between the channel region 154 of the TF'T 150 and the fourth
gettering region 118 may be 5 to 7 um, for example. By
arranging the third and fourth gettering regions 116 and 118
closer to the channel region 134, 144 and 1354 1n this manner,
the catalyst element remaining 1n the channel regions 134,
144 and 154 can be removed sufficiently by the gettering
process, thus suppressing the sudden increase in the OFF-
state current of the TFTs.

Hereinatter, the advantages of the active-matrix substrate
100 of this preferred embodiment over an active-matrix sub-
strate 500 as a comparative example will be described. FIG. 2
1s a schematic plan view illustrating the active-matrix sub-
strate 500 as a comparative example. The active-matrix sub-
strate 500 of this comparative example has the similar con-
figuration as the active-matrix substrate 100 shown 1n FIG. 1
except that the active-matrix substrate 500 does not 1include
the third and fourth gettering regions 116 and 118.

Suppose normally white mode display devices are fabri-
cated using the active-matrix substrate 100 of the first pre-
ferred embodiment and the active-matrix substrate 300 as
Comparative Example 1. In that case, if the gettering process
was done 1nsuilficiently, the OFF-state current would increase
suddenly to produce a bright point.

The following Table 1 shows how often bright points were
produced 1n display devices that used the active-matrix sub-
strate 100 of the first preferred embodiment and display
devices that used the active-matrix substrate 500 of Compara-
tive Example 1 along with the sensibility levels ol those bright
points:

TABLE 1
Sensibility level Embodiment 1 Comparative Example 1
Level 1 96.9% 78.1%
Level 2 1.7% 17.2%
Level 3 1.4% 4.7%
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In Table 1, “Embodiment 17 shows the results obtained
from display devices that used the active-matrix substrate
100, while “Comparative Example 17 shows the results
obtained from display devices that used the active-matrix
substrate 500. The sensibility levels were determined in the
following manner. Specifically, devices that produced no sen-
sible bright points when viewed directly without using a filter
were determined to have “Sensibility Level 17. Devices that
allowed the viewer sense some bright points with no filters but
that no longer produced sensible bright points when a neutral
density (ND) filter for decreasing transmitted light to 10%

(which will be referred to herein as a “10% ND filter”) was

used were determined to have “Sensibility Level 2. And
devices that allowed the viewer sense some bright points even
when such a 10% ND filter was used were determined to have
“Sensibility Level 3”. That 1s to say, the higher the sensibility
level, the higher the intensity of the bright points produced.
As can be seen easily from Table 1, bright points were
produced much less often 1n the display devices that used the
active-matrix substrate of the first preferred embodiment than
in the display devices that used the substrate of Comparative
Example 1. This means that the sudden increase in OFF -state
current was suppressed in the active-matrix substrate 100.
Consequently, the active-matrix substrate 100 of this pre-
terred embodiment has the third and fourth gettering regions
116 and 118, and therefore, would cause such a sudden
increase in the OFF-state current of TFT's far less often than
the active-matrix substrate 300 of the comparative example.

Now look at FIG. 1 again. As shown 1n FIG. 1(a), the gate

bus line 160 has a trunk portion 1604 running in the x direc-
tion, a branch portion 16056 extending from the trunk portion
160a and running in the y direction, and another branch
portion 160c¢ extending from the trunk portion 160a in the y
direction opposite to the branch portion 1605 and also run-
ning in the x direction. And each of the trunk and branch
portions 160a, 1605 and 160c¢ overlaps with the semiconduc-
tor layer 110 at a single point. A part of the semiconductor
layer 110 overlapped by the gate bus line 160 functions as a
channel region. And there are three channel regions 134, 144
and 154 1n the semiconductor layer 110. Of these three chan-

nel regions 134, 144 and 154, the channel region 134 1s
located closest to the gettering region 112, while the channel
region 144 1s located closest to the gettering region 114. Also,
portions of the gate bus line 160 associated with the channel
regions 134, 144 and 154 will function as the gate electrodes
162, 164 and 166 of the TFTs 130 and 140, respectively.

The first gettering region 112 i1s arranged in the outer
periphery of the first end portion 110a so as not to block the
clectrical charge path leading from the source contact portion
132c¢ to the channel region 134. Likewise, the second getter-
ing region 114 1s arranged 1n the outer periphery of the second
end portion 1105 so as not to block the electrical charge path
leading from the channel region 144 to the drain contact
portion 146¢. The first gettering region 112 1s arranged in
contact with one side of the rectangular first end portion 110qa
that 1s located closer to the channel region 134, while the
second gettering region 114 1s arranged 1n contact with one
side of the rectangular second end portion 11056 that 1s located
closer to the channel region 144.

Also, the intermediate portion 110¢ of the semiconductor
layer 110 has a first linear portion 110c1 runming in the y
direction, a second linear portion 110¢2 running 1n the x
direction, and a connecting portion 110¢3 that connects the
first and second linear portions 110c1 and 110c2 together.
The third gettering region 116 1s branched from the first linear
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portion 110c¢1 to run 1n the X direction. On the other hand, the
fourth gettering region 118 1s adjacent to the connecting
portion 110c3.

Also, supposing a dimension of the semiconductor layer
110 that 1s perpendicular to the direction 1n which electrical
charge tlows from the source contact portion 132¢ toward the
drain contact portion 146c¢ 1s the “width”, the width of the first
end portion 110a (1.¢., the length of the first end portion 110qa
as measured 1n the x direction) and that of the second end
portion 1105 (1.e., the length of the second end portion 11056
as measured 1n the y direction) are both 8.5 to 10.5 um. Also,
the intermediate portion 110¢ except the third and fourth
gettering regions 116 and 118 (i.¢., the first and second linear
portions 110c1 and 110¢2 thereof) has an L shape running in
the x and y directions and the first and second linear portions
110c1 and 1102 have a constant width of 3 to 4 um. Thus, the
first and second end portions 110a and 1105 have a greater
width than the first and second linear portions 110¢c1 and
110c2. In this manner, the third and fourth gettering regions
116 and 118 are provided for the mtermediate portion 110c¢
while securing an electrical charge path. The source and drain
contact portions 132¢ and 146¢ have a length o1 4 um 1n both
of the x and y directions.

Also, 1 general, 1f light were incident on the channel
region of a TFT, the TFT might malfunction. That 1s why to
prevent external light incident on the monitor screen of a
display device or the light that has been emitted from a back-
light and then reflected from entering the channel regions 134
and 154 of the TFTs 130 and 150, the source bus line 170 1s
arranged so as to overlap with the channel regions 134 and
154. In this manner, such a malfunction can be eliminated.
Also, by cutting off the mncoming light with the source bus
line 170 1nstead of providing an opaque layer separately, the
aperture ratio will never decrease and no leakage current will
flow from the source electrode 172. Furthermore, a gettering
region has a different transmittance from the other regions.
For that reason, 1f a gettering region 1s located in a range
where light 1s transmitted, then the display quality could be
debased to make it necessary to shield the gettering region
from the light. In view of this consideration, by overlapping a
part of the intermediate portion 110c¢ and the first end portion
110a of the semiconductor layer 110 with the source bus line
170, each of the first, third and fourth gettering regions 112,
116 and 118 overlaps with the source bus line 170 at least
partially. As a result, the decrease in aperture ratio can be
suppressed.

Although FIG. 1 illustrates only the display area of the
active-matrix substrate 100, the active-matrix substrate may
also have a built-in driver, and gate and source drivers with
TFTs may be integrated together in the peripheral area
thereof. In that case, the semiconductor layer of TFT's for use
in those drivers (which will be referred to herein as “driver
TFTs”) may also be made by the CGS process as in the
display area. In the driver TF'Ts, the distance between the
channel and gettering regions 1s usually 1 to 3 um, for
example, which 1s shorter than 1n pixel TFTs. Such an active-
matrix substrate 100 may be used 1n a liquid crystal display
device, for instance.

Hereinatter, 1t will be described with reference to FIG. 3
how to make the active-matrix substrate of this preferred
embodiment. FIGS. 3(a) through 3(2) are cross-sectional
views as viewed on the same plane as FIG. 1(b).

First of all, an insulating substrate 192 is provided as shown
in FIG. 3(a). The insulating substrate 192 may be a glass
substrate, for example.

Next, as shown 1 FIG. 3(b), a base coating film (not
shown) 1s deposited on the insulating substrate 192 and then
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a semiconductor layer 110 1s deposited on the base coating
f1lm. In this process step, the semiconductor layer 1s an amor-
phous semiconductor layer.

Subsequently, as shown 1 FIG. 3(c), a catalyst element 1s
added to the semiconductor layer 110. The catalyst element
may be nickel, for example. Nickel may be added by applying
an aqueous solution of nickel acetate over the surface of the
semiconductor layer 110 uniformly and then drying it.

Next, the semiconductor layer 110 1s heated to get crystal-
lized and be a crystalline semiconductor layer. Then, the
semiconductor layer 110 1s patterned, thereby forming the
end portions 110aq and 1105 and intermediate portion 110¢ of
the semiconductor layer 110 shown 1n FIG. 1{(a).

Thereatter, as shown 1n FIG. 3(d), a gate msulating film
194 1s formed on the semiconductor layer 110. Subsequently,
a conductive material 1s deposited on the gate insulating film
194 and then patterned to form a gate bus line 160.

Next, as shown in FIG. 3(e), a dopant 1s introduced into the
semiconductor layer 110 using the gate bus line 160 as a
mask. As a result, the dopant gets introduced 1nto portions of
the semiconductor layer 110 to be the source and drain
regions 132 and 136 of the TFT 130, the source and drain
regions 142 and 146 of the TFT 140, and the source and drain
regions 152 and 156 of the TFT 150 shown 1n FIG. 1(a). I
n-channel TFT element 1s going to be fabricated as the TFT
clement 120, the dopant may be phosphorus, for example. On
the other hand, i1t p-channel TFT element 1s going to be
tabricated as the TF'T element 120, the dopant may be boron,
for example. The source regions 132, 142, 152 and drain
regions 136,146,156 of the TF'1s 130, 140 and 150 may have
a dopant concentration of 2 to 3x10°° atoms/cm’, for
example.

Subsequently, as shown 1n FIG. 3(f), the semiconductor
layer 110 1s covered with a resist mask 310 with a predeter-
mined opening and then selected areas of the semiconductor
layer 110 are doped with a gettering element, which may be
phosphorus, for example. As a result of this doping process,
the first, second, third and fourth gettering regions 112, 114,
116 and 118 shown in FIG. 1(a) are included. In the first,
second, third and fourth gettering regions 112, 114, 116 and
118, the gettering element may have a concentration of
6x10°° to 1x10°*' atoms/cm”, for example.

Thereatter, a gettering process 1s carried out by heating the
semiconductor layer 110. Consequently, the catalyst element
left 1n the source region 132 of the TFT 130 shown in FIG.
1(a) 1s removed mostly 1nto the first gettering region 112. The
catalyst element left 1n the channel and drain regions 134 and
136 of the TF'T 130 and the source and channel regions 152
and 154 of the TFT 150 1s removed mostly into the third
gettering region 116. The catalyst element leit 1n the drain
region 156 of the TF'T 150 and the source and channel regions
142 and 144 of the TF'T 140 1s removed mostly 1nto the fourth
gettering region 118. And the catalyst element left in the drain
region 146 of the TF'T 140 1s removed mostly into the second
gettering region 114.

Subsequently, an interlayer dielectric film 196 1s deposited
and etched as shown 1n FIG. 3(g), thereby exposing the source
and drain contact portions 132¢ and 146¢ of the semiconduc-
tor layer 110 shown 1n FIG. 1(a).

After that, a conductive material 1s deposited and then
patterned, thereby forming a source electrode 172 and a
source bus line 170 as shown 1n FIG. 3(%). At the same time,
a part of the drain electrode 182 (see FIG. 1(a)) 1s also formed.
Thereatter, another interlayer dielectric film (not shown) 1s
deposited and then the rest of the drain electrode 182 and a
pixel electrode 180 shown 1n FIG. 1(a) are formed thereon. In
this manner, the active-matrix substrate 100 1s completed.
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The manufacturing process of the active-matrix substrate
100 of the preferred embodiment described above 1s the same
as that of the active-matrix substrate of the comparative
example except that the intermediate portion 110c¢ of the
semiconductor layer 110 1s patterned to form the third and
fourth gettering regions 116 and 118 and that a resist mask
310 with an opening that will define the third and fourth
gettering regions 116 and 118 1s provided. That 1s why the
actrive-matrix substrate 100 of this preferred embodiment can
be fabricated using existent equipment eflectively and with-
out changing the design sigmificantly.

(Embodiment 2)

In the active-matrix substrate of the first preferred embodi-
ment described above, the TFT element includes three TFTs.
However, the present invention 1s 1n no way limited to that
specific preferred embodiment. Naturally, the TFT element of
the active-matrix substrate may include only two TFTs.

Also, 1n the active-matrix substrate of the first preferred
embodiment described above, a number of gettering regions
are arranged between the respective channel regions of two
TFTs that are located at both ends of a serial arrangement of
multiple TFTs. However, the present invention 1s in no way
limited to that specific preferred embodiment, either. Only
one gettering region could be arranged between the respective
channel regions of those two TFTs at both ends.

Furthermore, 1n the active-matrix substrate of the first pre-
terred embodiment described above, the gettering region 1s
arranged around the drain contact portion. However, the
present mvention 1s 1 no way limited to that specific pre-
ferred embodiment, either. Alternatively, there may be no
gettering region around the drain contact portion.

Hereinafter, a second preferred embodiment of an active-
matrix substrate according to the present invention will be
described with reference to FIG. 4. As shown 1in FIG. 4, 1n the
active-matrix substrate 100 of this preferred embodiment, the
TFT element 120 1includes only two TFT's 130 and 140.

The gettering region 116 1s arranged between the respec-
tive channel regions 134 and 144 of the TFTs 130 and 140.
That 1s why the catalyst element remaining 1n those channel
regions 134 and 144 can be removed elficiently by perform-
Ing a gettering process.

The gettering region 114 1s arranged adjacent to the drain
region 146 of the TF'T 140. However, the gettering region 114
1s not located around the drain contact portion 146¢ but adja-
cent to the connecting portion 110c3. By arranging the get-
tering region 114 at such a location, the gettering perfor-
mance will hardly decline even without providing any
gettering region around the drain contact portion 146c¢. As a
result, the second end portion 1105 can be designed more
flexibly.

Also, the semiconductor layer 110 has three gettering
regions 112, 114 and 116, each of which overlaps with the
source bus line 170 at least partially. That 1s why a black
matrix provided for the source bus line 170 can also be used
for the gettering regions 112, 114 and 116 and a decrease 1n
aperture ratio can be suppressed.

Furthermore, in a situation where a gettering region 1s
arranged near the drain electrode 182, 1f a gettering element
were left 1n the gate msulating film 194 (see FIGS. 1(a) and
1(5)) near the drain electrode 182, then leakage current would
flow between the gate bus line 160 and the pixel electrode 180
by way of the gettering element and the drain electrode 182,
thus possibly producing a point defect on a display device. In
the active-matrix substrate 100 of this preferred embodiment,
however, no gettering regions are arranged around the drain
clectrode 182 that 1s located relatively close to the gate bus
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line 160. As a result, 1t 1s possible to prevent such leakage
current from flowing between the gate bus line 160 and the
pixel electrode 180.
(Embodiment 3)

Heremaftter, a third preferred embodiment of an active-
matrix substrate according to the present invention will be
described with reference to FI1G. 5. As shown in FIG. 5 1n the
active-matrix substrate 100 of this preferred embodiment, the
gettering region 116 1s arranged between the respective chan-
nel regions 134 and 144 of the TFT's 130 and 140. That 1s why
the catalyst element remaining 1n those channel regions 134
and 144 can be removed efficiently by performing a gettering
pProcess.

The TFT element 120 includes only two TFT's 130 and 140.
Also, the semiconductor layer 110 has three gettering regions
112, 114 and 116, each of which overlaps with the source bus
line 170 at least partially. That 1s why a black matrix provided
for the source bus line 170 can also be used for the gettering
regions 112, 114 and 116 and a decrease 1n aperture ratio can
be suppressed.

The semiconductor layer 110 has not only the first and
second linear portions 110c1 and 110¢2 running 1n the y and
x directions, respectively, but also a third linear portion 110c4
extending from one end of the second linear portion 1102 1n
the y direction and a connecting portion 110¢5 between the
second and third linear portions 110¢2 and 110c4. The third
linear portion 110c4 includes a drain contact portion 146¢ 1n
contact with the drain electrode 182 that 1s electrically con-
nected to the pixel electrode 180. In this manner, the drain
clectrode 182 1s arranged away from the gate bus line 160 and
the source bus line 170, thus minimizing the leakage current
that could flow between the gate bus line 160 and the source
bus line 170. In addition, the length of the semiconductor
layer 110 1nthe x direction can be reduced, thus realizing finer
pixels.

(Embodiment 4)

Heremnafiter, a fourth preferred embodiment of an active-
matrix substrate according to the present invention will be
described with reference to FIG. 6. As shown 1n FIG. 6, the
active-matrix substrate 100 of this preferred embodiment
includes a storage capacitor bus line 165, which 1s arranged
parallel to the gate bus line 160 and the semiconductor layer
110 1s arranged so as to partially overlap with the storage
capacitor bus line 165. Since the drain electrode 182 that 1s
clectrically connected to the pixel electrode 180 1s arranged
near the storage capacitor bus line 1635, a black matrix pro-
vided for the storage capacitor bus line 163 can also be used
for the drain electrode 182. Consequently, a decrease 1n aper-
ture ratio can be suppressed.

In the active-matrix substrate 100 of this preferred embodi-
ment, the TFT element 120 1includes only two TFTs 130 and
140. There 1s no gettering region around the drain contact
portion 146¢ and the drain region 146 of the TFT 140 1s
relatively long. However, there are two gettering regions 114
and 115 adjacent to the drain region 146 of the TF'T 140. That
1s why the catalyst element remaining 1n the drain region 146
of the TFT 140 can be removed eiliciently by performing a
gettering process. Also, the gettering region 116 1s arranged
near the channel region 134 and the gettering regions 115 and
116 are arranged near the channel region 144. As a result, the
catalyst element remaiming in the channel regions 134 and
144 can be removed efliciently by performing a gettering
Process.

The semiconductor layer 110 has these four gettering
regions 112, 114, 115 and 116, each of which overlaps with
the source bus line 170 at least partially. Thus, a black matrix
provided for the source bus line 170 can also be used for these
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gettering regions 112, 114, 115 and 116. Consequently, a
decrease 1n aperture ratio can be suppressed.

In the foregoing description, the display device that uses
the active-matrix substrate 1s supposed to be a liquid crystal
display device. However, the present invention 1s 1n no way
limited to those specific preferred embodiments. Any other
arbitrary display device such as a CRT, a plasma display panel
(PDP), an organic EL, an SED or a liquid crystal projector,
may also use the active-matrix substrate.

The entire disclosure of Japanese Patent Application No.
2007-69141, on which the present application claims priority,
1s hereby incorporated by reference.

Industrial Applicability

An active-matrix substrate according to the present imnven-
tion can be used effectively in PC monitors, TV sets, projec-
tors, cellphone displays and various other display devices.

The mvention claimed 1s:

1. An active-matrix substrate comprising;:

a semiconductor layer comprising a first end portion, a
second end portion and an intermediate portion between
the first and second end portions;

a thin-film transistor element having a plurality of thin-film
transistors including first and second thin-film transis-
tors, each of which has a source region, a channel region
and a drain region that are included in the semiconductor
layer;

a gate bus line;

a source bus line; and

a pixel electrode,

wherein the first and second thin-film transistors are
arranged 1n series with each other and the first thin-film
transistor 1s located proximate the fist end portion of the
semiconductor layer, while the second thin-film transis-
tor 1s located proximate the second end portion of the
semiconductor layer, and

wherein the source region of the first thin-film transistor
includes a source contact portion, and

wherein the drain region of the second thin-film transistor
includes a drain contact portion, and

wherein the semiconductor layer has a first gettering region
adjacent to the source region of the first thin-film tran-
sistor, a second gettering region adjacent to the drain
region of the second thin-film transistor, and a third
gettering region adjacent to any of the source and drain
regions located between the respective channel regions
of the first and second thin-film transistors among the
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source and drain regions of the plurality of thin-film
transistors included 1n the thin-film transistor element,

wherein the mtermediate portion comprises a first linear
portion running 1n a first direction, a second linear por-
tion running in a second direction that 1s different than
the first direction, and a connecting portion that connects
the first and second linear portions, and

wherein the third gettering region 1s adjacent to the con-

necting portion, the first linear portion 1s approximately
parallel to the source bus line, and the second linear
portion 1s approximately parallel to the gate bus line.

2. The active-matrix substrate of claim 1, wherein at least
the first linear portion of the semiconductor layer overlaps
with the source bus line.

3. The active-matrix substrate of claim 1, wherein at least a
part of the third gettering region overlaps with the source bus
line.

4. The active-matrix substrate of claim 1, wherein a part of
the source region of the first thun-film transistor and the first
gettering region are located 1n the first end portion.

5. The active-matrix substrate of claim 1, wherein a part of
the drain region of the second thin-film transistor 1s located in
the second end portion, and

wherein a part of the source region and the entire channel

and drain regions of the first thin-film transistor and a
part of the drain region and the entire channel and source
regions of the second thin-film transistor are located 1n
the intermediate portion, and

wherein the second gettering region 1s located 1n the second

end portion and the third gettering region 1s located 1n
the intermediate portion.

6. The active-matrix substrate of claim 1, wherein a part of
the drain region of the second thin-film transistor 1s located in
the second end portion, and

wherein a part of the source region and the entire channel

and drain regions of the first thin-film transistor and a
part of the drain region and the entire channel and source
regions of the second thin-film transistor are located in
the intermediate portion, and

wherein the second and third gettering regions are both

located 1n the intermediate portion.

7. The active matrix substrate of claim 1, wherein a width
of the connecting portion of the semiconductor layer 1is
greater than widths of the first and second linear portions.
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